Purpose. To evaluate outcomes of 28 patients who underwent intramedullary nailing for displaced proximal humeral fractures. Methods. 24 women and 4 men aged 38 to 87 (mean, 65) years underwent intramedullary nailing for displaced proximal humeral fractures. 17 (61%) of them were aged >70 years. Fractures were classified into 2-part (n=8), 3-part (n=17), and 4-part (n=3), and corresponded to AO 11 A3 (n=8), B1 (n=3), B2 (n=9), and C2 (n=8) types. The Constant and Oxford scores were assessed at the final follow-up. Results. All patients had bone union except for one who had tuberosity failure. 23 (82%) patients had satisfactory-to-excellent and 5 had poor Constant scores; outcomes were worse with more complex fractures. 20 (71%) patients had satisfactory Oxford scores. Seven (25%) patients had impingement of a nail tip. Other complications included avascular necrosis (n=1), proximal locking screw back-out (n=1), and screw penetration into the joint (n=1). Conclusion. Intramedullary nailing provides a stable fixation with minimal soft tissue dissection for displaced proximal humeral fractures. It enables early mobilisation and functional recovery.
INTRODUCTION
Proximal humeral fractures account for 5% of all fractures and are the third most common fracture in elderly patients. 1 The incidence of such fractures increases exponentially from the fifth decade of life, being almost twice as common in women than men. 2 This type of fracture affects quality of life, making elderly patients dependent on others for their activities of daily living.
Most proximal humeral fractures are undisplaced or minimally displaced and can be managed nonoperatively with satisfactory outcomes. 3, 4 Displaced fractures almost always require surgical intervention to obtain a favourable outcome. 3, [5] [6] [7] Intramedullary nailing enables closed reduction, less-invasive implantation, and minimal disruption of the soft tissues. We evaluated outcomes of 28 patients who underwent intramedullary nailing for displaced and distal locking.
Patients were placed in a beach chair position. A superior deltoid-split approach was used; the entry point of the nail was posterior to biceps tendon and medial to the greater tuberosity. The entry hole was hand reamed and the nail inserted after closed reduction. In cases with displaced tuberosities, the tuberosities with the rotator cuff attachment were repaired using ethibond sutures ( Fig. 1 ), after fixing 2 proximal locking screws and a single dynamic distal locking screw. The shoulders were supported in a sling and gentle pendulum exercises commenced as comfort allowed. Assisted exercises followed by active exercises were commenced at week 2.
Patients were followed up at weeks 2 and 6, month 6, and every 6 months thereafter. Radiographs were obtained at each follow-up to assess bone union and complications. The Constant 8 and Oxford 9 scores were assessed at the final follow-up. The Constant score assesses pain, activities of daily living (ADL), range of motion, and power. The Oxford score assesses subjective pain and impairment of ADL; 33% of the score is derived from 4 pain-related questions and 67% from 8 ADL-related questions. Higher scores indicate worse outcomes.
RESULTS
The mean follow-up period was 25 (range, 9-39) months. All patients had bone union except for one who had tuberosity failure. The mean Constant score was 65 (range, 30-86); 23 (82%) of the patients had satisfactory to excellent results and 5 had poor results (Table) . According to age-related analysis, 9 (82%) out of 11 patients aged ≤70 years and 14 (82%) out of 17 patients aged >70 years had satisfactory to excellent outcomes. The mean score was 71 in patients with 2-part fractures (n=8), 65 in those with 3-part fractures (n=17), and 44 in those with 4-part fractures (n=3). Outcomes were worse with more complex fractures. The mean Oxford score was 17 (range, 12-34). 20 (71%) out of 28 patients had satisfactory outcomes (Table) . Impingement of a nail tip ( Fig. 2a ) or a locking screw head occurred in 7 (25%) patients. This complication was not always radiologically evident. Following removal of the hardware after bone union, 5 patients had improvement of symptoms, whereas 2 still had residual symptoms. Avascular changes were noted in the humeral head of a 71-year-old asthmatic and diabetic woman with a 3-part fracture (Fig. 2b) . She had marked stiffness and a low Constant score. Proximal locking screw back-out was noted in one patient (Fig. 2c ). This occurred after radiological bone union and was attributed to a surgical error proximal humeral fractures.
MATERIALS AND METHODS
Between October 2004 and January 2007, 24 women and 4 men aged 38 to 87 (mean, 65) years underwent intramedullary nailing for displaced proximal humeral fractures. 17 (61%) of them were aged >70 years. Fractures were classified into 2-part (n=8), 3-part (n=17), and 4-part (n=3), and corresponded to AO 11 A3 (n=8), B1 (n=3), B2 (n=9), and C2 (n=8) types.
The T2 proximal humeral nail (Stryker) is made of titanium alloy and has a maximum diameter of 10 mm. It enables static or dynamic locking of 4 multi-directional proximal locking screws and 2 distal locking screws. The proximal locking holes are threaded and have nylon bushings to enhance the hold of the screws in the humeral head. It has a radiolucent targeting device to facilitate proximal Figure 1 The tuberosities with the rotator cuff attachment are repaired using ethibond sutures, after fixing 2 proximal locking screws and a single dynamic distal locking screw.
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(applying a 4-mm instead of a 5-mm diameter screw). Screw penetration into the joint was seen in another patient. Overall, 8 nails had to be removed after 5 to 16 months.
DISCUSSION
Non-operative treatment for proximal humeral fractures does not provide adequate stability or pain relief and hence does not allow early mobilisation. Surgical management is difficult when fractures occur in elderly patients with osteoporotic bone and poor bone stock, a high degree of comminution, and displacement. Injury to blood supply can result in osteonecrosis. The proximity to the shoulder joint and injury to the rotator cuff leads to severe stiffness of the shoulder and hence an intensive rehabilitation programme is required to optimise return of function.
There is insufficient evidence to determine the best surgical treatment for displaced proximal humeral fractures. Tension band fixation requires an extended approach for reduction and fixation 6 and may cause posteromedial gapping and cutout. 10 Transosseous suture fixation also requires an extended approach and may not provide enough stability. Transcutaneous pinning may cause skin irritation, pin-tract infections, and loss of reduction, and requires demanding techniques. 11, 12 The pitfalls of retrograde flexible nailing are unstable fixation, angulation, and perforation of the humeral head. Fixation using locking plate and screws is one option if the bone is osteoporotic. However, it requires an extensive soft tissue dissection and carries the risk of avascular necrosis, impingement and poor screw purchase in the osteoporotic bone. 13 Inadequate reduction and fixation results in deformity and functional disability. A displaced greater tuberosity may cause impingement and rotator interval tear. The Good surgical fixation should entail anatomic reduction of the tuberosities and restoration of the length, alignment and rotation of the fragments. This should be achieved with minimal soft tissue trauma, and with preservation of the medial periosteal hinge and blood supply. To prevent impingement, the amount of hardware at the cortical surface should be minimal. Stable fixation enables good pain relief and early mobilisation together with restoration of function.
In a cadaver biomechanical study, intramedullary fixation has been shown to be more stable and stronger than locked plating or traditional plate and screws. 14 It enables stable fixation through a small incision with minimal soft tissue disruption, and facilitates early mobilisation of the shoulder and functional recovery. 21 out of 27 patients with displaced 3-part fractures achieved satisfactory to excellent results after locking nail fixation; no patients had fixation or hardware failure. 15 The Polarus nail also achieved good results for displaced 2-, 3-and 4-part fractures 16 ; 77% 17 and 80% 18 of such patients achieved satisfactory to excellent outcomes, and those younger than 65 years achieved better functional outcomes. 17 The Sirus proximal humeral nail achieved good to very good results in 75% of the patients. 19 In our study, 82% of the patients had satisfactory to excellent outcomes.
Loss of fixation or nail breakage after rigid intramedullary nailing was not observed in any of the studies. The common complications were lateral migration of the proximal screw causing irritation and impingement, non-union, avascular necrosis, and shoulder stiffness. In our series, impingement was avoided in patients operated on in the later years of the study, in whom placement of the most proximal locking screw was avoided and their Constant scores improved. The distal locking screw was placed in the dynamic mode to enable a small amount of fracture collapse as the metaphysical bone heals. It is imperative to reduce the tuberosity and to bury the proximal nail tip well below the cortical surface to prevent impingement (Fig. 3 ).
